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Structure of glomerulus of the rat-kidney: Results of a reconstruc-
tion with semi-thin sections. B. Aeikens, A. Eenboom, W. D. Erd-
mann and A. Bohie. University of Tfibingen, West Germany. The
results of the experiments are reported in which a reconstruction of
a glomerulus from a perfusion-fixated rat-kidney was made with
260 0.5i thick serial sections (perfusion pressure, 120 mm Hg;
perfusion fluid, 2% glutaraldehyde; magnification X 1650). We
reconstructed two models: 1) a wax-model, which could be taken
apart and on which it would be possible to follow the capillaries,
2) a wire-model, in which zink-iron wire could be brought in to the
axis of the glomerular capillaries. We could, among other things,
show that the rat glomerulus has five lobulus-like structures which
are supplied with blood from six capillaries which come out of the
vas afferens. The experiments further show that not only the capil-
laries of the lobulus-like structures anastomose with each other at
various distances from the hilus of the glomerula, but also that,
opposing Elias's opinion, there are numerous anastomoses be-
tween the lobulus-like structures in the centrum of the glomerula.
A direct short circuit between vas efferens and afferens, however,
could not be shown. We could further show that the total length of
the capillaries in a glomerulum of the rat is 1.71 mm. It was pos-
sible to calculate the total length of all the glomeruli. It was also
possible to make accurate conclusions on the volume of the gb-
merulus, on the total area of the gbomerular capillaries, and on the
total filtration area. The structure of Rete Malpighi (1686) is
hereby illuminated for the first time.
Fine structural principles in the architecture of the juxtaglomeru-
lar apparatus in hyperplasia. J. Dembowski and W. Thoenes. In-
stil ute of Pathology, University of Mainz, Germany. Because of the
extent of a more than l000t-thick section, the juxtagbomerular
apparatus can be demonstrated electron microscopically only in
parts. In order to clear up questions of cell topography, series of
single photographs are composed to large dimensionated recon-
structions. These show the following: In the vas afferens three parts
can be differentiated. In the first part, far from the vascular pole of
the glomerulus, there is a regular media of a single layered tube of
smooth muscle cells. Sometimes one or two granulated cells are
situated on its outer surface. After an often conical end of the
muscular tube, it is replaced by the second part, a complex of
juxtaglomerular cells of many layers developed eccentrically to
the macula densa. It consists of typical epithelioid cells and of
flattened cells of the lacis type, now granulated too. In the direction
to the vas efferens there is a gradient of decreasing granulation.
Under stimulating conditions the ratio of both cell types changes in
favor of granulated cells. In the third part which is located between
the reflection of Bowman's capsule and the point where the vas
afferens splits in its glomerular capillaries, ungranulated cells pre-
vail-and are continuous with the mesangium. The mesangial cells
are increased and contain small electron dense granules. Under
stimulating conditions, epithelioid cells and cells of the lacis fuse
into a more or less uniform population to which are attributed, at
least partially, also the mesangial cells. This demonstrates the
topography of endocrine active cells with respect to the vascular
lumen and to the macula densa.
Action of the diuretic agent, BAY g 2821 at different sites of
transepithelial sodium transport. A. Dörge and R. Rick. Dept. of
Physiology, University of Munich, West Germany. The net effect of
a diuretic agent on transepithelial sodium transport results from
the sum of the individual effects the diuretic has at the various steps
of transport. The single effects may even be opposite, as can be
demonstrated for the action of the diuretic agent, BAY g 2821,
when tested on the isolated frog skin preparation. When BAY g
2821 ( 5 X 10 M) was applied from the corial side, short circuit
current (SCC) and sodium influx from the epithelial to the corial
side decreased by approximately 80%. When applied from the
epithelial side, the SCC and sodium influx increased initially by
about 25%, and then decreased variably (20 to 50%). After wash-
out of BAY g 2821, these effects were completely reversible. Wash-
out of BAY g 2821 from the epithelial side, at various times after
application, disclosed that the epithelial action is composed of two
different components, a fast stimulatory and a slow inhibitory
effect. The stimulatory effect was accompanied by a decrease in the
electrical resistance and could be abolished by amiloride or low
sodium concentration in the epithelial bathing solution, indicating
that this effect is a consequence of sodium permeability of the
epithelial cell membrane. Since the inhibitory effect is more pro-
nounced if the agent is added to the corial side and is independent
of the sodium concentration in the corial bathing solution, it is
concluded that this effect results from an inhibition of the active
transport step located at the corial cell membrane.
Prostaglandins and renal function in acute salt-loading. R. Dising,
H. J. Kramer, A. Hoppe and F. Krflck. Medizinische Universitäts-
Po/iklinik, Bonn, West Germany. The role of prostaglandin in renal
function is not yet completely understood. In the present study we
therefore investigated the effect of inhibition of the prostaglandin
synthetizing enzyme system by indomethacin on renal electrolyte
excretion in acutely salt-loaded rats. In 37 conscious, female,
Sprague-Dawley rats, expansion of the extracellular volume (ECV)
with isotonic saline, corresponding to an increase in body wt of
10%, was induced and maintained for one hour. Twenty-one ani-
mals received an oral dose of 10 mg/kg of body wt of in-
domethacin prior to ECV expansion (INDO). Sixteen animals
served as ECV-expanded controls (C). In six non-expanded rats
indomethacin at doses of 2, 5, and 10 mg/kg of body wt had no
effect on renal function. The glomerular filtration rate (GFR)
(INDO: 12.5 ÷ 1.0; C: 10.5 + 0.9 mI/mm/kg of body wt) and
mean arterial blood pressure (INDO: 133 3; C: 132 4mm Hg)
did not significantly differ in both expanded groups. However,
total renal plasma flow (INDO: 22.9 1.8; C: 30.1 2.7
mI/mm/kg of body wt), urinary flow rate (INDO: 1.11 + 0.20; C:
1.93 0.21 mI/mm/kg of body wt), urinary excretion of sodium
(INDO: 142 26; C: 267 46Eq/min,'kg of body wt, and
urinary excretion of potassium (INDO: 13.0 0.9; C: 19.8
l.7tEq/min/kg of body wt) significantly decreased in animals
pretreated with indomethacin. Inhibition of prostaglandin syn-
thesis had no effect on renal Na-K-ATPase activity in the cortex,
medulla, or papilla. Cortico-medullary distribution (86Rb-distribu-
tion) of renal blood flow was unaltered by indomethacin. How-
ever, 131J-MMA-distribution indicates a relative increase in inner
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cortical flow from 27 to 36% following indomethacin, while abso-
lute flow remained constant. The results suggest a permissive role
of prostaglandin for physical factors to promote renal sodium
excretion in acute salt-loading via changes in intrarenal hemody-
namics.
Renal gluconeogenesis and substrate uptake of isolated rat kidney
tubules after hypothermic preservation for 24 hours. W. Fischer, F.
Manz and K. Schârer. Department of Pediatrics. University of Hei-
delberg, Federal Republic of Germany. It is generally assumed that
the survival of kidneys preserved for transplantation is limited by
irreversible deterioration of cellular metabolic processes. It should
be possible to find a preservation solution with optimal substrate
composition to sustain metabolic activities of preserved kidneys
over longer periods. It should also be possible to assess the viability
of preserved kidneys by determing the integrity of renal metabolic
pathways. In a simple experimental model gluconeogenesis of iso-
lated rat kidney tubules was studied after preservation in four
different solutions. The tubules were preserved for 5 to 32 hrs at
8°C in rat serum (RS); bovine serum (BS); Krebs-Henseleit solu-
tion, a solution of extracellular composition (KHS); and Collins
solution, a solution of intracellular composition (CS). After differ-
ent preservation periods, we measured renal glucose production
(RGP) from seven substrates and the substrate uptake (SU) at
37°C. The results were compared to the values of fresh kidney
tubules which were not preserved (100%). After 24-hr preservation,
ROP and SU were 100% with RS. In the other groups RGP was
reduced (BS, 66%; KHS, 46%; CS, 5%). The results of SU were
similar. RGP could be stimulated after preservation by cyclic AMP
except with CS. After addition ofI-hydroxybutyrate to KHS, the
RGP was 19% higher than without 3-hydroxybutyrate. Similarly,
RGP increased by 16% after addition of octanoate. These sub-
strates showed no effect on RUP with BS and CS. In conclusion,
RGP is a sensitive viability test for preserved kidney tubules. RGP
after preservation depends on the type of the solution used for
preservation. The species specific serum seems to conserve RGP
and SU best over longer periods.
Fluoride in chronic renal insufficiency and dialysis osteopenia. C.
Fuchs, D. Dorn, H. V. Henning, C. McIntosh, B. Doht, G. Delling,
A. Schulz, R. Heidler, W. Schulz, W. Gessler, F. Scheler. Medizi-
nische Universititsklinik Gittingen, Nephrologisches Zentrum Nie-
dersachsen Hann, MImden, Pathologisches Institut der Universitât
Hamburg, IV. Medizinische Klinik der Stidtischen Krankenanstal-
ten Nfirnberg, Federal Republic of Germany. Of the three forms of
dialysis osteopathy, osteoclastic resorption (hyperparathyroidism)
and osteomalacia can be therapeutically treated. At the present
time the problems of reduction of bone mass resulting in os-
teopenia with spontaneous fractures are unsolved. The frequency
of this disease is about 6%, but there are regional differences. The
following investigation was undertaken to clarify whether this
disease may be treated, in analogy to osteoporosis, by sodium
fluoride therapy, and in addition, whether regional fluoride con-
tent of the drinking water plays a role in the occurence of dialysis
osteopenia. In a multiregional study patients were grouped accord-
ing to the following criteria: In group I serum-fluoride levels were
measured at the beginning and end of dialysis in ten center-dialyzed
patients, whose dialysate fluoride concentration was 180,.Lg/liter.
In these patients, in whom initial levels were above normal, there
was in every case a positive fluoride balance under dialysis treat-
ment. The dialysate of these patients was treated with a water
softener. In contrast, there was a negative fluoride balance in ten
patients (group II), in whom the dialysate was treated by reverse
osmosis. The predialysis fluoride levels in this group were signifi-
cantly lower than in group I. In group III 20 home-dialysis patients
were included, whose serum fluoride levels were measured in the
dialysis-free interval. The fluoride concentration was also several-
fold higher than normal. It was observed when using softener that
the drinking water and dialysate fluoride concentrations were sig-
nificantly correlated (r = 0.89). In group IV were seven patients
with histomorphometric evidence of osteopenia, in whom the
fluoride level was increased between 10- and 20-fold above normal
by medication. After a period of 8 to 24 months, there was a
histologic improvement. This investigation shows that, compared
to patients with normal kidney function, the hemodialysis patients
have a different fluoride metabolism. The serum-fluoride levels can
be influenced by the dialysate fluoride content and closely corre-
lated with the regional drinking water fluoride content, unless
reverse osmosis is used. Serum-fluoride levels of 100 to 200zg/Iiter
are therapeutically effective in dialysis osteopenia.
Kidney kallikrein: Physiological role and subcellular localization.
R. Geiger, K. Mann. and H. G. Heidrich. Institut Jbr Klinische
Chemie und Klinische Biochemie der Universitiit Minchen and Klini-
kum Grosshadern, MOnchen, and Max-Planck-Institut Jir Bio-
chemie, Martinsried, Germany. Nustad showed that kallikrein iso-
lated from kidney is immunologically and biologically identical
with kallikrein isolated from urine (NUSTAD K, VAAJE K, PIERCE
JV: Br J Pharmacol 53: 229, 1975). This data indicate that the
kidney synthesizes kallikrein, which is released into urine. The
findings concerned with the subcellular localization of kallikrein in
the kidney are very different (ERDOS EG: Biochem Pharmacol 25:
1563, 1976). For that reason we separated subcellular structures of
rabbit kidney cortex homogenates using the free-flow dee-
trophoresis system FFV (HANNIG K, HEIDRICH HG: Methods En-
zymol 21: 746, 1974). Kallikrein activity was found clear only in
membranes of lysosomes (or lysosome-like particles) as character-
ized by lysosomal marker enzymes (e.g., acylsulphatase) and elec-
tron microscopy. Mitochondria, endoplasmatic reticulum, micro-
villi, and plasma membrane fraction did not show any kallikrein
activity. Until now, urinary kallikrein was measured using the
capacity to cleave synthetic acyl-arginine esters. Some investigators
have shown that there is a correlation between renal kallikrein
activity and certain types of hypertension, sodium reabsorption,
and mediators such as prostaglandin, histamine, serotonine and
mineralocorticoids. The "converting enzyme" of the renin-angio-
tensin-system and kininase II, a kinin-inactivating enzyme, are
identical. That could be a connecting link between the renin-
angiotensin-system and the kallikrein-kinin-system. After isolation
of human urinary kallikrein and preparation of antibodies against
it, investigations are currently in progress to develop a sensitive
radioimmunoassay (RIA) for human urinary kallikrein. In order
to evaluate the importance of the kallikrein-kinin-system in phys-
iological and pathophysiological processes in the kidney, the RIA
for human urinary kallikrein could be used.
The effect of estrogen and epsilon-aminocapronic acid on the devel-
opment of Goldblatt-type hypertension. J. Girndt, H. Ki3stering and
F. Scheler. Medizinische Universitiitsklinik Gittingen, Federal Re-
public of Germany. The artery of one kidney of female, Wistar-
strain rats was clamped, whereas the contralateral organ remained
in silu. The rise of the blood pressure, which took place in the
weeks following this procedure, was significantly accelerated and
plainly increased in animals receiving ethinylestradiol and nore-
thisterone acetate. The application of these hormones led to an
increase in the plasma renin activity of the experimental animals.
On the other hand, even in very high doses, neither estrogen nor
progestogen alone had an effect on the development of Goldblatt-
type hypertension. The estrogen in the hormonal combination
could be replaced by epsilon-aminocapronic acid (EACA) (i.e.,
after the application of EACA and progestogen, a similar accelera-
tion and augmentation of the development of the hypertension
could be seen, as with combined estrogen-progestogen treatment.)
In this experimental arrangement, however, there was no increase
in plasma renin activity. EACA alone or in combination with
estrogen had no effect on the blood pressure. It is concluded, that
in the hormonal combination, the effect of estrogen in accelerating
Goldblatt-type hypertension is not explained by a stimulation of
the renin-angiotensin system, but the estrogen may easily be in-
volved in developing vascular lesions, a consequence of the hor-
mone's effect on blood coagulation and/or fibrinolysis.
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Effects of dopamine on renal excretion and reabsorption of fluid
and electrolytes: A clearance and micropuncture study. J. Greven
and H. Klein. Department of Pharmacology, Rhein. - Westf Tech-
nische, Hochschule, Aachen, Germany. Dopamine has been shown
to increase renal excretion of fluid and sodium in dogs and normal
subjects. The diuresis and natriuresis usually is accompanied by
increments in renal blood flow and glomerular filtration rate. A
direct action of dopamine on the tubular epithelium, however,
could not be excluded up to now. The present investigation was
designed to study the effects of dopamine on renal hemodynamics
and on renal tubular function in rats. At infusion rates ranging
from 2.6 to 7.8 . lO_8 mole/kg of body wt . mm i.v., dopamine
increased renal blood flow (electromagnetic flowmeter), glomeru-
lar filtration rate, and renal fluid and sodium excretion. The rise in
filtered fluid and sodium markedly exceeded the increase in urine
volume and urinary sodium excretion, indicating enhanced renal
tubular fluid and sodium reabsorption after dopamine. Micro-
puncture experiments using the split oil droplet method of Gertz
and the modification of Györy demonstrated a stimulation of
proximal transtubular volume fluxes at a luminal dopamine con-
centration of l0 M. This direct tubular effect could be antago-
nized by propranolol (l0- M) and therefore is thought to be
mediated by the beta-adrenergic receptors.
The effect of adrenalectomy and glucocorticoid hormones on the
diluting capacity of thick ascending limbs of superficial nephrons in
the rat kidney. H. U. Gutsche, G. Beer, and W. Niedermayer.
Department Medicine, Division of Spec. Nephrology, and Depart-
ment of Physiology, University of Kiel, Germany. indirect evidence
points to an impaired diluting capacity of the thick ascending limb
of Henle's loop in adrenal insufficiency. Experiments have been
performed to determine the time course and the steady state of the
electrolyte dilution in this nephron segment of adrenalectomized
Wistar rats. Loops isolated in vivo by means of late proximal and
early distal paraffin blocks were perfused with proximal equilib-
rium solution (NaCI, 110 mM; mannitol, 80 mM; 75 nI/mm) in
orthograde direction. Subsequently, perfusion was arrested for a
defined time interval and suddenly reestablished. The ion concen-
trations of tubular fluids, formerly in contact with the diluting
segment, were monitored as transients with a continuously record-
ing conductivity probe situated in the earliest distal segment. In
each nephron, eight measurements were performed allowing con-
tact times with the diluting segment between 5 and 60 seconds.
Results: The time course of dilution was significantly delayed after
adrenalectomy. Maximal dilution under stationary conditions was
28.5 3.5 mi NaCI in controls, 54.5 6.5 mM NaCl after
adrenalectomy, and 26.0 + 3.5 mi NaCI after dexamethasone
treatment (50jg/l00 g of body wt, for three days). We conclude
that the NaCI reabsorption in the diluting segment depends on the
action of glucocorticoid hormones, since the impairment after
adrenalectomy could be normalized completely by dexamethasone
administration.
Dependency of renal PAH-extraction (EPAH) on renal filtration
fraction (FF). D. A. Häberle and G. Ruhland. Department of Phys-
iology of the University of Munich, West Germany. The use of PAH
clearance in measuring renal plasma flow (RPF) is based on the
assumption that a high and constant fraction of renal PAH load is
excreted in the urine. This assumption might be challenged for the
following reason: The tubular PAH transport rate appears to be
related to any process involved with tubular volume reabsorption.
This parameter, however, seems to be coupled to glomerular filtra-
tion rate (GFR). Hence, renal PAH transport rate (IPAH) should
be strongly correlated with GFR, and thus renal PAH extraction
(EPAH) with renal filtration fraction (FF). In order to test this
hypothesis, in 50 rats EPAH and TPAH were studied during spontane-
ous variations of GFR and RPF. At saturated and unsaturated
transport, TPAH was found to be strongly correlated with GFR. At
constant PAH concentration in arterial plasma, there was no sig-
nificant correlation between TFAH and RPF (i.e., renal PAH load).
However, EPAH and EPAH—FFPAH were highly significantly corre-
lated to variations in FF. Thus, even at very low PAH concentra-
tion in arterial plasma, renal PAH clearance represents only a
constant fraction of renal plasma flow rate, if FF remains stable.
Loss of amino acids in dialysate: Benefits of i.v. substitution
of amino acids in patients on chronic intermittent hemodialysis?
E. Heeking. R. Dörr, H. Mader, and Z. Miladinovic. I. Medizinische
Klinik Mainz, Federal Republic of Germany. Plasma amino acids
(AA) have been measured on four occasions before and after 12 hr
hemodialysis in nine patients (ages, 23 to 54 years; three males)
using the disposable RP5 dialyzer (Rhône-Poulenc, Inc.). The
patients had been hemodialyzed already for two to six years, twice
weekly, prior to this investigation. In the dialysate the amount of
free and bound (low molecular peptides) AA was also measured,
the latter after acid hydrolysis. Results: There were considerable
intra- and inter-individual variations of the plasma AA levels;
however, the plasma AA of the group studied did not vary signifi-
cantly after 12 hours' hemodialysis. Within the total group of
subjects, the loss of free and bound AA in the dialysate was 13.44
5.55 g (mean so), including 3.63 g essential AA. Within the
total loss, that of free AA amounted to 8.06 ÷ 5.04 g, including
2.94 g essential AA. There was a highly significant correlation (r =
0.97, P < 0.001) between the plasma AA levels prior to hemo-
dialysis and the total loss of AA in the dialysate. The pattern of AA
lost in the dialysate had little similarities with the pattern of any
commercially available AA solution presently recommended for
substitution. Moreover, in 3 occasions 18 g of a mixture of essen-
tial AA were infused during the last 90 mm of dialysis; approxi-
mately 50% of the infused essential AA were recovered in the
dialysate. Intravenous infusion of the same solution during ten
minutes after dialysis has been poorly tolerated. According to our
results approximately 4 g of essential AA should be substituted.
Intravenous substitution during or after dialysis seems to be in-
efficient or not well tolerated. Oral substitution of essential AA
appears presently preferable.
Three-dimensional electron microscopy of the structure of the
normal mesangium of the rat glomerulus. f/do Helmchen, Ursula
Kneissler, Ulrike Helmchen, and Adalbert Bohle. Department of
Pathology, University of TObingen, Tubingen, West Germany. The
purposes of the study were: a) to assess the absolute and relative
number of mesangial cells in a normal glomerulus, b) to verify by
three-dimensional studies on tissue fixed by perfusion or immer-
sion the identity and structure of the normal mesangium, pre-
viously studied only two-dimensionally. Material and method: Kid-
neys from 15 normal, male, Wistar-type rats, weighing between 200
and 230 g, were fixed by perfusion (N = 8) or immersion (N =
7). Ultrathin sections of 17 glomeruli were prepared, with up to
2,500 consecutively cut sections per glomerulus, using mesh-free
grids. An attempt was made to reconstruct the cellular structure of
one glomerulus by means of serial electron microscopic photo-
graphs (final magnification, X 3,000). Additionally, the identity of
each mesangial and endothelial cell was examined at least in one
section by higher magnification (X 10,000). Results: a) The total
number of cells of the capillary network of a single glomerulus was
553, of which 282 (51%) were endothelial cells, 181 (33%) were
mesangial cells, and 90 (16%) were visceral epithelial cells. b) Of
218, originally thought to be mesangial cells on the basis of their
location, 74 (34%) were clearly identified as endothelial cells by
three-dimensional reexamination. c) In the region of the mesan-
gium, a zig-zag-like arrangement of the basement membrane and
the mesangial matrix became apparent only on supra-vital fixation
by immersion, whereas in glomeruli fixed by intra-vital perfusion,
these areas were only poorly identified. Conclusions: a) After the
complete cellular reconstruction of a normal glomerulus of the rat,
the ratio of endothelial to mesangial cells was found to be 3:2. b) A
reliable differentiation of the intra-capillary glomerular cells into
endothelial and mesangial cells is, on low-power electron micro-
scopic magnification (up to X 3,000), on the basis of their location
in a single two-dimensional section, not possible. This holds true
especially when differentiating with light microscopy on paraffin
and semithin sections. c) The mesangial matrix found in a normal
rat glomerulus fixed by immersion is at least partly a supra-vital
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phenomenon, resulting from contraction of the myofilament-con-
taming mesangial cells and the subsequent folding of the adjacent
basement membrane by tangential sectioning.
Characteristics of the maturing proximal tubule studied in vitro on
isolated perfused nephron segments. M. Horsier, L. Larsson and
U. Schmidt. Department of Physiology, University of Munich, Mu-
nich, Germany. Flux studies in proximal tubules were combined
with ultrastructural analysis of the isolated perfused epithelium
during maturation, The transport enzyme Na-K-ATPase was mea-
sured during postnatal development in six different isolated neph-
ron segments (N = 112), microdissected in vitro from rabbit renal
slices. For measurement of hydrostatic hydraulic conductance, we
developed a technique for induction of defined changes in trans-
tubular hydrostatic gradient at constant perfusion rate during in
vitro free-flow perfusion of isolated rabbit nephron segments. Hy-
draulic conductance was high during early maturation and de-
creased by a factor of7 to 0.005 0.002 (l0 ml . cm2 . min'
cm of H20) in the mature proximal tubule (N = 99). Filtration
fraction in the single superficial glomerulus increases during matu-
ration from 0.05 to 0.3. To evaluate the effect on net flux of this
protein oncotic pressure change in vitro, the tubule was exposed to
hyperoncotic rabbit serum (12.7 + 0.4 g/100 ml) at the basement
membrane. The resulting change in net volume flow was + 67.5%
(N = 14) of control in the neonatal, and + 25.7% (N = 11) in the
mature tubule. Basal and lateral cell membrane area increased
from 1.53 to 2.38izm2/itm3 of cell volume during postnatal devel-
opment. A small electron-dense protein tracer (microperoxidase)
passed from tubule lumen across the tight junction via the inter-
cellular spaces to the basement membrane only in the neonatal
tubule. Na-K-ATPase distribution pattern in the rabbit nephron
was identical to that in the rat; absolute activity in neonatal seg-
ments was 40 to 80% lower compared to corresponding mature
segments. Ouabain-insensitive ATPase was constant during devel-
opment. Conclusions: Hydrostatic and oncotic hydraulic con-
ductance, as well as paracellular conductivity, change with prox-
imal tubule maturation. Na-K-ATPase enzyme sites per unit of
basal membrane area are constant during development of the
proximal epithelium. Transtubular volume flow in the neonatal
epithelium depends more on transepithelial pressure gradients than
in the mature proximal tubule.
Possible role of blood pressure in the pathogenesis of edema in rats
with aorta-to-vena cava fistula. K. M. Koch, W. A. Meyer, and
U. Frei. Department of Nephrology, University Hospital Frankfurt
am Main, Germany. Experimental aorta-to-vena cava fistula in rats
is accompanied by increased cardiac output, decrease of blood
pressure, and formation of edema. Micropuncture studies led to
the conclusion that edema in this animal model is a consequence of
reduced renal perfusion pressure, causing increased sodium and
water reabsorption by the ioop of Henle, According to this con-
cept, the extent of blood pressure reduction should correlate with
the quantity of fluid retained. In 14 male Sprague-Dawley rats, 14
to 18 days after construction of an aorta-to-vena cava fistula (A-V
F), total body water (TBW) by means of tritiated water, mean
arterial pressure (MAP), glomerular filtration rate (GFR), as well
as renal blood flow (RBF) by means of an electromagnetic flowme-
ter were measured. Corresponding measurements were performed
in ten sham operated control rats (C). Results (mean SD):
C A-V-F
73.5 1.5 77.4 2.6, P < 0.001
129.2 5.9 86.2 15.4, P < 0.001
1.20 0.38 0.95 0.30, NS
5.64 + 2.21 3.34 ÷ 1.55, P < 0.025
MAP and TBW (%) in A-V F rats showed a significant inverse
correlation (r
—0.79, P < 0.001), whereas there were no correla-
tions between TBW (%) and all other parameters measured. The
results give further proof for the concept of a causal role of blood
pressure reduction in edema formation of A-V F rats.
Determinants for hydrogen ion transport. H. Knauf. R. Lflbcke,
and U. Wais. Department of Internal Medicine, University of Frei-
burg, Federal Republic of Germany. Active H transport by the rat
salivary duct epithelium has been shown to be operated by a Na
independent luminal "pump" linked with a membrane-bound
HC03-ATPase (WMs U, KNAUFH: Pfluegers Arch 361:61, 1975).
In order to characterize the factors which determine the rate of H
transport, two types of microperfusion experiments were per-
formed: I) luminal HCO3- buffer load [HCOsJL and pH were
varied and 2) the interstitial [HCO3-]1 and the pH were changed by
subjecting the animals to metabolic acidosis and alkalosis. Under
the latter conditions, the activity of the HCO to ATPase was
measured. It was found that net H- transport depended upon
[HCO3IL in a linear fashion over the range of investigation (10 to
60 mM). Hydrogen ions were secreted into the lumen at a luminal
[HCOs]L exceeding 41 m, and H4- ions were reabsorbed from the
lumen at [HCO$jL below 41 m, this concentration being re-
garded as the equilibrium concentration. The transepithelial elec-
trical potential difference did not significantly influence net W4-
transport. Under conditions of metabolic acidosis, there was an
excess H ion secretion, whereas in metabolic alkalosis there was
an excess H ion reabsorption as compared to the controls. Meta-
bolic acidosis and metabolic alkalosis were accompanied by a
decrease and an increase, respectively, of the activity of the mem-
brane-bound HC09-ATPase, r = 0.96. In conclusion, active H
pumping by the salivary duct epithelium is accompanied by
changes in the activity of the HCO3 to ATPase following changes
in acid-base balance, Net H transport appears to be controlled by
the luminal buffer load and pH.
Individual adjustment of regular dialysis treatment by neu-
rophysiologic parameters, 0. Knoll, G. Busch, H. Muller and
H. Loew. Medizinische Poliklinik, University of Miinster, Federal
Republic of Germany. An individual adjustment of dialysis therapy
for each uremic patient is necessary to guarantee sufficient dialysis
as well as to avoid unnecessarily long dialysis time, by which a
social rehabilitation of the patient is hindered. Uremic neuropathy
is a reliable indicator of insufficient dialysis therapy, whereas se-
rum creatinine level has no proven relation to the quality of
dialysis. Therefore, the suitability of highly sensitive neurophysio-
logic parameters for adjustment of dialysis therapy was examined.
In 161 patients on chronic dialysis therapy, motor nerve con-
duction velocity was measured; furthermore, the perception thresh-
old of vibration was tested with a vibrator. A proprioceptive H-
reflex was triggered by electrical stimulation of the tibial nerve; the
latency of the reflex-answer was measured. When signs of uremic
neuropathy were found in a patient, dialysis therapy was in-
tensified in different ways: 1) dialysis time was prolonged, 2) a
dialyzer with larger surface was used, 3) blood flow was increased,
4) an acrylnitril-dialyzer was used. When no signs of neuropathy
were found, dialysis time was shortened stepwise. Four weeks after
modification of dialysis therapy, marked alterations of nerve con-
duction velocity, vibration sensitivity, and reflex-answer latency
were found. Reflex-answer-latency proved to be most sensitive and
best reproducible. Our experiences have shown that highly sensi-
tive neurophysiologic parameters allow an individual adjustment
of dialysis therapy.
Abnormal day-night-rhythms of renin and aldosterone in young
hypertensive subjects. R. E. Kolloch, K. 0. Stumpe, H. Vetter and
F. Krück. Medizinische Poliklinik, University of Bonn, Federal Re-
public of Germany. Arterial blood pressure (BP), plasma renin
activity (PRA), and plasma concentration of aldosterone (PA) and
cortisol (PC) were determined overnight (8 P.M. to 6 AM.) every
30 mm in 46 hypertensive men, aged 19 to 26 yr. Two subgroups of
patients emerged: Patients of group I exhibited a characteristic
rhythm of PRA with relatively low values before midnight and
large increases early in the morning. Conversely, no rhythm of
renin and very low PRA values were observed in patients of group
II. BP was higher in group II than in group I. In group I, following
-adrenergic receptor blockade, BP fell, and levels as well as
rhythms of PRA were converted to those observed in group II
without treatment. In group II rhythms and BP remained un-
TBW, % ofbody WI
MAP, mm Hg
GFR, ml/min/g of
kidney WI
RBF, ml/min/g of
kidney WI
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changed. Following i.v. furosemide, a pronounced 24-hr natriu-
retic response, possibly reflecting volume-expansion, was observed
only in the low-renin patients (group II). Serial measurements of
plasma prolactin concentration (HPr) were performed in 18 male
patients with either "low"- or "normal"-renin essential hyperten-
sion and in six normotensive controls. Plasma-prolactin levels were
significantly higher in the normal- and high-renin hypertensives
than in the low-renin patients and in the controls. The data in-
dicate that in the two subgroups of patients dissimilarities in
rhythms of PRA, PA, and prolactin, as well as in BP responses to
$-blockade, may reflect differences in neuroadrenergic tone. In-
direct evidence suggests that the high HPr levels in the normal- and
high-renin groups may represent an index of altered central ner-
vous function, characterized by hypothalamic dopaminergic deple-
tion. A simultaneous pathogenetic role of HPr via the proposed
sodium retaining effect of the hormone is at least theoretically
possible.
Speculations on the functional significance of the Goormaghtigh
cells. W. Kriz and R. Taugner. Anatomisches Institut and Phys-
iologisches institut, Universität Heidelberg, Germany. It is demon-
strated by freeze fracturing that in the rabbit kidney a broad band
of gap junctions connects the Goormaghtigh cells via the root of
the glomerular tuft with the mesangial cells. Previous in-
vestigations by others (PRICAM C, et al: Cell Biol: 63, 349—354,
1974; BOLL HU, et al: Cell Tiss Res 161: 459—469, 1975; FoRss-
MANN WO and TAUGNER R: Cell Tiss Res: in press) have demon-
strated gap junctional connections of the Goormaghtigh cells to
the granular cells as well as to the ordinary smooth muscle cells of
the vas afferens and efferens. In addition to these widespread gap
junctional connections to all other smooth muscle-derived cell
groups at the vascular pole of a glomerulus, two other features of
the Goormaghtigh cells appear to be important: I) a regular broad
contact field to the macula densa cells, however, without gap
junctional connections; 2) because of their position in the very
center of the JGA, the Goormaghtigh cells are separated from the
renal blood capillaries as well as from the common renal interstitial
space; therefore, the intercellular fluid composition within the
Goormaghtigh cell field is supposed to be almost exclusively domi-
nated by the reabsorptive capacity of the macula densa cells. In
conclusion, these morphologic characteristics appear to qualify the
Goormaghtigh cells to function as the receptor for both main renin
releasing signals: distal tubular fluid composition and blood pres-
sure. Alterations in distal tubular fluid composition will influence
the reabsorption by the macula cells and, thereby, the intercellular
fluid composition in the Goormaghtigh cell field. Alterations in
blood pressure can well be transmitted from the glomerular capil-
laries via the mesangial cells-by means of different stretching forces
to the Goormaghtigh cells. Both different stimuli could, thus, be
integrated at the level of the Goormaghtigh cells causing different
depolarization patterns. The renin releasing granular cells are elec-
tronically coupled wit:h the Goormaghtigh cells.
Site of postproximal phosphate reabsorption. F. Lang, R. Greger,
F. G. Knox and P. Deetjen. University of Innsbruck, A ustria, and
Mayo Clinic, Rochester, MN, USA. In thyroparathyroidectomized
animals, phosphate is reabsorbed beyond the micropuncture site in
late proximal tubules. The site of this postproximal reabsorption
has been a matter of controversy. To study phosphate reabsorption
in proximal (PT) and distal (DT) convoluted tubules and descend-
ing (DL) and ascending (AL) segments of loops of Henle, sta-
tionary microperfusion experiments were carried out in thyro-
parathyroidectomized rats. Droplets of Ito 3 nI (tOO mM mannitol,
100 mri NaCI 32P-phosphate, and 3H-inulin) were injected in PT
and DT and either kept in place or pushed downstream from PT
(in DL) or upstream from DT (in AL). After contact times (t) of 2
to 106 see, the droplets were withdrawn and fractional 32P-phos-
phat recovery (R) determined. In PT and DL, R followed a steep
exponential decline with increasing 1. The slopes of logarithmic
regressions {(lgR)/t} were (± SaM) —1.68 0.33 min' in PT and
—1.21 0.24 min' in DL. In contrast, no significant decline could
be observed in AL (—0.02 0.04) or DT(+0.l I 0.10). After 1/2
minute, R was 11% in PT, 17% in DL, 78% in AL, and 84% in DT.
Although disappearance of tracer from tubular lumen does not
necessarily indicate reabsorption, the data clearly show that AL
and DT are virtually impermeable to phosphate, whereas phos-
phate reabsorption appears to continue in late proximal tubules
and probably pars recta.
Activation of the renin-angiotensin-aldosterone system by lithium.
G. Muller and H. Wernze. Med. Univ. Klinik Wirzburg, Germany.
In male rats lithium-induced changes on plasma renin concentra-
tion (PRC), plasma renin substrate (PRSC), angiotensin II (AT II)
level, plasma corticosterone (C), and urinary aldosterone excretion
(AE) were determined by specific radioimmunoassay. In com-
parison to control groups, administration of 0.4 mmole of lithium
chloride/lOO g of body wt per day i.p. for five days caused a
significant increase in PRC (25.5 7.3 to 47.6 + 18.5 ng/ml/30',
mean so), PRSC (1171 + 118 to 1546 + 193 ng/ml), AT 11(50
22 to 177 74 pg/mI), AE (4.5 1.7 to 51 22 ng/24 hr), and C
(8.5 5.0 to 32.5 25.9 g/l00 ml). Polyuria developed steadily
reaching 158 36.6 ml/24 hr on the fifth day, as compared to the
control group (11.0 3.6 ml/24 hr). The cumulative urinary
sodium loss averaged 17.3%. In higher dosage (0.8 mmole of lith-
ium chloride/lOO g of body wt), a more pronounced increase in
PRC (368 244 ng/ml/30'), PRSC (2823 + 805 ng/ml), nd AE
(109 57 ng/24 hr) occurred. C remained elevated at 31.1 + 17.1
g/l00 ml. The mean urinary sodium loss was 77%, while urinary
volume reached only 41 46 ml/24 hr. Minor changes of the
parameters were found following the lower dose of 0.2 mmole of
lithium chloride/l00 g of body wt (PRC, 31 5 ng/ml/30'; PRSC,
1256.9 + 98.1 ng/ml; AE, 9.59 4.33 ng/24 hr; C, 7.1 2.0
g/l00 ml). Urinary volume on the fifth day was 57.6 29.7 mI/24
hr, whereas no sodium loss occurred. The stimulation of renin
secretion may be caused primarily by sodium loss. Higher PRSC
levels in spite of marked higher PRC values indicate an elevated
hepatic angiotensinogen synthesis. This subsequently resulted in
higher AT II levels and aldosterone oversecretion. The increased
hepatic protein synthesis must be ascribed to exaggerated corti-
costerone secretion which in turn is the result of lithium-induced
toxicity and stress in higher dose ranges.
Effect of the angiotensin II analogue 1-sar-8-ala-angiotensin-II
(satarasin) on renin secretion in vitro. H. G. Ochs, H. Brass,
B. Lamberts, and R. Heintz. Department of Internal Medicine II of
the Medical Faculty, Technische Hochschule, Aachen, Fed. Rep. of
Germany. Substituted angiotensin II analogues can specifically an-
tagonize the vascular, endocrine, and central nervous system
effects of angiotensin 11. There is no agreement about the influence
on plasma renin activity (PRA). After infusion of saralasin, increase
as well as decrease of PRA are described. The effect of saralasin on
rat kidney slices in vitro is studied in order to answer the question if
saralasin acts directly in a humoral way on juxtaglomerular appa-
ratus (JGA). We found that saralasin (two times given in the
incubation medium in an interval of ten minutes) stimulates the
renin secretion from the JGA between 25 and 250 ig/ml during an
incubation time of 30 mm. On the other hand, angiotensin II
decreases dose-dependent renin secretion in vitro, as we have
shown in recent studies. Therefore, we conclude that saralasin
antagonizes angiotensin II in the well known negative feedback
mechanism between angiotensin II and renin. The effective dose of
saralasin is higher in vitro than in vivo because of the short half-life
of this substance and the longer diffusion distance in the in vitro
experiments as compared with the in vivo conditions. Similar ob-
servations are described in the literature about angiotensin II and
catecholamines in vitro. It should be discussed whether the increase
of PRA in hypertensive patients, who show a decrease of blood
pressure during infusion of saralasin, is an effect of direct humoral
stimulation of renin secretion from JGA.
Possible role of adenosine in the postischemic reduction of renal
blood flow (RBF) and glomerular filtration rate (GFR). H. Osswald,
J. Schnermann, Hf. Schmitz, and R. Kemper. Dept. of Pharma-
cology, R WTH Aachen, and Dept. of Physiology, University Mu-
nich, Fed. Rep. Germany. The rat kidney responds to ischemia after
one hour of complete occlusion of the renal artery with a decrease
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of RBF and a marked reduction of GFR within the first ito 3 hr of
recirculation. Several investigators postulate the occurrence of a
toxic metabolite which accumulates in the ischemic kidney tissue as
a cause of increased renal vascular resistance. The following results
suggest that adenosine could be the postulated substance. 1)
Adenosine, in nanomolar amounts, leads to a marked decrease of
RBF and GFR. Theophylline antagonizes the action of adenosine
competitively. Micropuncture experiments demonstrate that
adenosine constricts the vas afferens. 2) The adenosine-induced
decrease of GFR is strongly correlated to the plasma renin activity
(r = 0.91). 3) Tissue concentrations of adenosine in the kidney (5
nmol/g of wet wt) are high enough to contribute to the resistance
in the vas afferens to a certain degree. After 30 sec ischemia,
adenosine tissue concentration increases 3-fold (15 nmole/g of wet
wt), and after 10 mm ischemia, 7-fold (38 nmole/g of wet wt). 4)
Theophylline (10 smoles/l00 g of body wt) improves the post-
ischemic kidney function: within the first 90 mm postocclusive
GFR of controls increases from 6.6 to 87.9 il/min 100 g, urine
volume increases from 3.5 to 21.8 ,.sl/min. 100 g. The decrease of
RBF (—15%) in the theophylline treated animals was not so pro-
nounced compared to controls (—27%). Further support to the
assumption that endogenous adenosine can regulate GFR is given
by the observation that theophylline infused into the end of the
proximal convoluted tubule abolishes the tubuloglomerular feed-
back response of the nephron. Theophylline exerts this effect with-
Out changing significantly the fluid and chloride reabsorption in
the loop of Henle.
Hemodynamic effects of saralasin (P 113) in patients with unilat-
eral renovascular hypertension. T. Philipp, H. Zschiedrich, A. Dist-
ler. I. Med. Department, University of Mainz, West Germany. The
angiotensin II analogue saralasin, was infused iv. into two hyper-
tensive patients with unilateral renal artery stenosis in supine posi-
tion after three days of dietary sodium-depletion. Renin concentra-
tion in renal venous blood from the affected kidney was more than
two-fold higher compared to the contralateral kidney in both
patients. Arterial pressure (AP) was measured directly in the A.
brachialis; cardiac index (Ci) was estimated by the dye dilution
method. In patient I (values of patient 2 given in parentheses)
mean AP was lowered by saralasin at an infusion rate of 10(2) g
min'kgt from 167 to 83(160 to 85) mm Hg. CI decreased from
2.44 to 1.82 (2.25 to 1.49) 1 min' m2, total peripheral resistance
(TPR) from 3228 to 2243 (3702 to 3125) dyn sec cm5, central
venous pressure (CVP) from +2 to —3 (+2 to —2) mm Hg,-while
heart rate (HR) remained unchanged at 78 beats/mm in patient 1
and increased slightly from 81 to 87 beats/mm in patient 2. The
lowest AP measured during infusion was 62/40 (89/56) mm Hg.
Conclusion: The observed severe hypotension induced by saralasin
was the result of a fall of both TPR and Ci. The marked reduction
of CI and concomitant decrease of CVP suggests a diminished
venous return. Therefore, angiotensin 11 under these conditions
appears to be involved in the regulation of TPR as well as of
venous tone and consequently of cardiac output. The almost un-
changed HR during saralsin infusion might be due to a dysfunction
of the baroreceptor reflex.
The glomerulopathy in renal allografts: Histologic and immuno-
pathologic observations to the problem of recurrent glomerulone-
phritis. K. Pie/sticker and G. H. Thoenes. Institute of Pathology and
Department of Medicine, University of Munich, Germany. Ninety,
rat, renal allografts were studied by light microscopy and in 64
cases also by immunohistology. Donors and recipients differed at
weak non-/I-I histocompatibility alleles. The bilaterally nephrec-
tomized rats generally survived more than a year. In one strain
combination (Lew. BN to BN), the kidney grafts showed a peculiar
membranous glomerulopathy due to subepithelial deposition of
immune complexes along the glomerular basement membrane in
36 of 39 rats, as demonstrated by light and/or immunohistology. If
the recipient's contralateral kidney was left in place, the immune
complexes deposited preferentially in the graft and very minimally
in the recipient's kidney. Besides membranous lesions, we found in
this strain combination (and also in other weakly different groups)
subendothelial hyaline deposits and segmental sclerosis of the gb-
merular tuft in 42 of 52 grafts which survived more than four
months; this glomeruloselerosis of rats occurs spontaneously, pre-
dominantly in old or in partially nephrectomized animals and is
histologically identical with the focal sclerosis of man. Since mem-
branous gbomerulopathy and focal sclerosis are also observed in
human renal allografts, these experimental observations seem of
importance in the discussion of recurrent glomerulonephritis.
Effect of furosemide and ethacrynic acid in HgClrinduced acute
renal failure (ARF). D. de Rougemont, F. P. Brunner, M. Keller,
J. Torhorst, and G. Thiel. DepartementJir Innere Medizin, Univer.
sit/it Basel, Switzerland. A wide variety of diuretic agents have been
shown to protect rats against ARF. Protection has been reported
even with minimal or absent diuretic efficacy (i.e., ethacrynic acid).
The present study was designed to see whether protection was
afforded by the diuretic effectperse or by another obscure pharma-
cologic property of diuretics. Pretreatment with ethacrynic acid,
which has no diuretic effect in most rats, was compared to furose-
mide and saline-loading. Two days before subcutaneous injection
of HgCl2. 6 mg/kg of body wt, rats were continuously infused
with either "saline" (NaCI, 120 mM; KC1, 30 mM; at 96 ml/24 hr)
without (group A, N = 4), or with furosemide (48 mg/kg of body
wt/day, group B, N = 6); group C (N = 9) received 9 mI/day of 5%
glucose without and group D (N = 10) with ethacrynic acid (50
mg/kg of body wt/day). These infusions were continued after the
injection of l-igCl2 up to the end of the experiments. Kidney
function was studied at 48 hr after HgCl2 administration.
Urine flow Urea plasma
mi/day mg/lOOml
Conclusions: Protection against HgCl2-induced ARF appears
clearly related to forced salt diuresis. Nondiuretic ethacrynic acid
afforded no protection at all. We thus could find no evidence of
protection unrelated to diuretic efficacy.
Cytotoxic antibodies after transfusion of leucocyte-depleted blood
to dialysis patients. P. Schmidt- Wiederkehr, S. F. Goidmann and
H. E. Franz. Seki ion für Nephrologie und Mineralhaushalt im De-
partmentfiir Innere Medizin und Kinderheilkunde und Tissue Typing
Labor der Abteilung Klinische Physioiogie der Universit/it U/rn,
Federal Republic of Germany. Febrile, non-hemolytic, transfusion
reactions have been observed in 1% of blood transfusions in
dialysis patients. in 50% of these incidents, antibodies to leucocytes
and thrombocytes can be held responsible. It is well known that
these antibodies, besides causing transfusion reactions, can be held
responsible for hyperacute transplant rejections. Furthermore,
chronic transplant rejections are seen more frequently in patients
with performed antibodies to leucocytes. Alloimmunization to-
wards leucocyte, thrombocyte, and tissue antigens (HLA-antigens)
may not occur with transfusion of HLA-identical blood. Due to
the great number of phenotypes in the HLA system, a complete
correspondence of antigens between donor and recipient is seldom
possible. Therefore it is mandatory to use H LA-antigen-depleted
blood in case of necessary transfusions to dialysis patients sched-
uled for transplantation. In case of a necessary blood transfusion,
our patients were given leucocyte-depleted blood between 1970 and
1976. In a retrospective study the following was found: The per-
centage of patients with antibodies to leucocytes fell continually
from 58% in 1970 to 13% in 1976. The initial decrease in alloimmu-
nization until 1972 could be explained by a decrease in the fre-
quency of blood transfusions. Despite an increase in the frequency
of transfusions after that date the percentage of patients with
antibodies declined further. Analysis of the transfused blood
showed that from 1970 to 1972 mainly saline-washed erythrocyte
transfusions (leucocyte reduction, about 60%) had been used. With
Group A (saline)
Group B (furosemide)
Group C (
Group D (ethacrynic acid)
52.8 7.6 24.3 + 4.2
70.5 + 2.5 32.0 + 3.3
2.7 + 1.1 429.6 22.6
2.2 + 1.4 431.1 + 23.6
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the increase in the frequency of transfusion after 1972, sedimented
and filtered erythrocyte transfusions (leucocyte reduction, 95%)
were used. In 23 of 44 patients who received washed erythrocytes,
antibodies to leucocytes were observed. However, only in 2 of 20
patients who received sedimented and filtered erythrocytes, anti-
bodies to leucocytes were found. An effective method for leu-
cocyte-depletion is the following: agglomeration of erythrocytes in
ACD Macrodex (400 ml of blood; 50 ml of ACD USP formula A,
resp. B; and 70 ml of 6% Dextran [mol wt, 60,000] in physiological
saline) for two hours, then filtration of the sediment with Leuko-
pak filter (Fenwal). This results in reduction of the leucocyte to 3%
and the thrombocytes to 2% of the initial value.
Glomerular immune-complex deposition in rats following oral ap-
plication of D-penicillamine. H, P. Seelig, R. Seelig, A. Fischer,
R. Maurer, A. Safer. Institute of Immunology, University of Heidel-
berg, and Department of Medical Investigation, Fa. Knoll, Lud-
wigshafen, Germany. The nephrotic syndrome complicating peni-
cillamine therapy is probably caused by an immune-complex
glomerulonephritis. The possibility of inducing an immune-com-
plex glomerulonephritis by penicillamine and its course after stop-
ping the drug was investigated in rats. Rats (Wistar) were orally
fed with 2000 mg of D-penicillamine (Metalcaptase®)/kg of body
wt per day for a period of 8 to 44 days. Thereafter, an unilateral
nephrectomy was performed. Following an observation period of
five weeks, the second kidney was removed. Both kidneys were
examined for deposits of lgG, C3. albumin and DNA-antigens.
Urinary protein excretion was measured fortnightly. Serum was
tested for antibodies against nuclear antigens and glomerular base-
ment membrane. Depending on the time of penicillamine appli-
cation, increasing amounts of granular IgG and C3 deposits at the
basement membrane and within the glomerular mesangium were
observed. Already after an eight-day penicillamine treatment,
minimal focal and segmental deposits occurred in some animals,
whereas all the animals showed deposits after a 44-day treatment.
In most cases, the pattern of deposits was focal and segmental, but
some animals revealed diffuse and global IgG and C3 deposits.
Global or partial remission of these deposits took place within five
weeks after stopping the drug. Histologically there were signs of a
focal glomerulonephritis following penicillamine treatment of 26
to 44 days. Urinary protein excretion was elevated (maximum, 70
mg/day) during penicillamine application and normalized after
stopping the drug. There were neither deposits of DNA antigen in
the kidney nor nuclear or basement membrane antibodies in the
sera. The results may confirm the assumed immune-complex path-
ogenesis of the penicillamine-induced nephrotic syndrome in man.
Because of the observed remission of the immunopathologic and
clinical symptoms after stopping the drug, it might be possible to
avoid serious renal complications by a careful control of penicilla-
mine-treated patients.
Renal prostaglandin E synthesis and functional adaptation of the
remaining kidney after unilateral nephrectomy in the rabbit.
W. Siess, B. Scherer, E. Held, and P. C. Weber. Department of
Internal Medicine, University of Munich, Federal Republic of Ger-
many. One of the earliest functional changes in the remaining
kidney after unilateral nephrectomy is an increa:se of renal blood
flow (RBF). Stimulation of renal prostaglandin (PG) increases
RBF. To evaluate the possible role of the renal PG-system in the
functional adaptation of the kidney, PG-E was measured in rabbit
urine before and after unilateral nephrectomy. PG-E was deter-
mined in parallel assays by radioimmunoassay and bioassay, and
almost identical values were obtained (J' = 0.8 X + 4.9, r = 0.94).
Basal excretion of PG-E in the unanesthetized rabbit showed high
interindividual variation (0.08 0.01 izg/hr, IV = 20). In the
anesthetized state, PG-E excretion was 0.56 + 0.15 ig/hr. Urine
samples taken at 30-mm intervals in anesthetized rabbits showed
a 400% increase in PG-E excretion within 30 mm after unine-
phrectomy. Concomitantly, urinary sodium (UNa+, +400%) and
urine volume (U, + 150%) increased. Sixty minutes after unine-
phrectomy, urinary excretion rates of PG-E and sodium had returned
to the baseline levels. Studying the excretion rate of PG-E by long-
term observation of conscious animals, an increase of 100% was
found on the first day. There was no correlation between PG-E and
U or UN, in long-term observation. In rabbits which had been
given indomethacin (indo) the day before and during the first three
days after uninephrectomy, PG-E excretion was significantly lower
than after uninephrectomy without indo. A small but not signifi-
cant decrease occurred in U of indo-treated uninephrectomized
rabbits. However, after discontinuing indo, U mci eased two-told
to a level significantly higher than Uv of rabbits which had been
uninephrectomized only. It is concluded that renal PG release is
an important mechanism contributing to the early functional
adaptation of the remaining kidney after unilateral nephrectomy
in the rabbit.
Intratubular splitting of peptides and their reabsorption as single
amino acids from the proximal convolution of rat kidney: A micro-
perfusion study. S. Silbernagl. Inst. f Physiologie, A — 6010 Inns-
bruck, Austria. The brushborder of the renal tubule possesses high
aminopeptidase activity. In this study, the possible role of this pepti-
dase in tubular peptide reabsorption was investigated. Methods:
Single proximal convolutions of the rat kidney were continu-
ously perfused in vivo et situ. The perfusion fluid contained "C-
glycinyl-L-phenylalanine (*glyphe) or glycinyl-L-("C)-phenylala-
nine (glyphe*). Samples were collected at different perfusion
distances and analyzed for their total radioactivity, their content of
total glycine, and of '4C-glycine. For the determination of glycine,
a new column chromatographic method was used (0.5 to 5.0
pmole/amino acid/sample). Results: 1) The label of glyphe* dis-
appears faster from the tubular lumen than that of *gly..phe. 2)
This difference represents free (still not reabsorbed) glycine in the
perfosate. 3) In the experiments with glyphe*, the "C-concentra-
tion nearly equals the concentration of the nonsplit peptide. 4) 20
mmole/liter L-phenylalanine added.to the perfusion fluid inhibits
reabsorption of the label of 1.2 mmole/liter glyphe*. 5) This
inhibition becomes stronger when 20 mmole/liter of gly-phe are
added instead of L-phenylalanine. Conclusions: 1) Gly-phe is split
by a peptidase bound to the tubular brushborder and is reabsorbed
in the form of free amino acids. 2) The splitting rate is roughly the
same magnitude as the reabsorption rate of L-phenylalanine. On
the other hand, glycine (the second splitting product) is reabsorbed
at a slower rate and therefore appears in the perfusate in higher
amounts. Speculations: The brushborder aminopeptidase may play
a role in removing peptides (perhaps also peptide hormones) from
the plasma and at the same time may protect peptide amino acids
from urinary excretion without the need of separate peptide trans-
port mechanisms.
Effects of polyvinyl alcohol, Habu snake venom, and endotoxin on
the glomerular processing of macromolecules in rats. R. B. Sterzel,
P. Mariss, F. Reale, M. Kregeler, H. Bux, and H. Ki3rber. Medizi-
njsche Hochschule, Hannover, Germany. Sprague-Dawley rats re-
ceived a) over 4 weeks daily s.c. injections of polyvinyl alcohol
(PVA) which accumulates in mesangial cells and matrix, or b)
once, iv. Habu snake venom (HSV), a toxin which causes degener-
ative alterations of the mesangium, ore) once, iv. endotoxin of E.
Coli (LPS) a known stimulator of RES cells. Serum urea and
proteinuria per 24 hr in these rats did not differ significantly from
controls. After this phase of pretreatment and an observation
interval, the animals received one of the following macromolecular
markers of the mesangium: IgG aggregates (IgG-A; N 36),
colloidal carbon (CC; N = 64), or iron dextran complexes (IDC; N
= 118). The amounts of markers deposited in the mesangium were
evaluated by immunofluorescence or light microscopy in 3 to 8
sequential renal biopsies obtained in each rat during the follow-up
periods: IgG-A, 3 days; CC, 3 weeks; IDC, 6 weeks. Mesangial
uptake and removal of the markers was reduced in PVA and HSV
rats as compared to saline treated controls. In LPS rats mesangial
processing of CC and IDC appeared increased in intact glomeruli,
while it was less in glomeruli, affected by arteriolar thrombosis also
induced by LPS. After injection of '"Indium-labeled IDC, the
activity measured in isolated glomeruli obtained after 24 hr was in
controls 14.4% of the applicated dose/g of dry wt; in PVA rats,
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9.2%; in HSV rats, 4.7%. After three days, glomerular activity was
reduced in controls by 56.7% of the 24 hr value, in PVA rats by
35.1%, in HSV rats by 4.7%. It is concluded from these results that
experimental changes of the mesangium can lead to altered gb-
merular processing of macromolecules. Such alterations of the
mesangial "clearing function" may serve as models in experiments
studying the role of the mesangium in the course of glomerulo-
nephritis.
Direct assessment of the glomerular sieving coefficient for albumin
in the rat kidney. H. Stolte, J. Alt, C. Baldamus, R. Galaske, and
H. J. Schurek. Abteilung ffir Nephrologie, Department Innere
Medizin, Medizinische Hochschule Hannover, Hannover, Germany.
Glomerular albuminuria was studied in vivo in aminonucleoside
puromycin (ANP) nephrosis, in the early heterologous phase of
antiglomerular basement membrane (Anti-GBM) nephritis and
in vitro with an increased albumin (ALB) load in the isolated
perfused rat kidney (Load). Using the micropuncture technique
leakage of ALB into the glomerular filtrate, (GF) was determined
by ultramicrodiscelectrophoresis.
GFR
ml min1 per
IOOgBWor
1 gKW
confined to the mesangium on glomerular function. Initially we
looked for conditions whereby an intravenously administered an-
tibody could react with a previously injected and mesangially
located antigen. Antigens of different size and charge were studied.
A ferritin-human IgG conjugate of mol wt 850,000 daltons was
found to be suitable. Injection of this material into rats led to
intense mesangial deposition of the antigen, as demonstrated im-
munohistologically. The conjugate was eliminated very rapidly
from the circulation and after 20 hr was no longer detectable in the
serum. This allowed a subsequent injection of anti-ferritin an-
tibody without the danger that circulating immune complexes
would form. Administration of I to 2 ml ot anti-ferritin antibody
24 hr after the conjugate resulted in an intense mesangial deposi-
tion of antibody. Using double fluorescent staining methods it
could be shown that the pattern of deposition for ferritin, human
lgG, and rabbit antibody to ferritin was the same; rat complement
was also detectable. Our preliminary long term observations in-
dicate that although intense immunoglobulin deposition occurred
in the region of the mesangium this was not associated with any
clear evidence of altered glomerular function.
Results: 1) GFR and proximal passage time (PPT) were not
significantly different within the four groups. 2) As is shown on the
table, the sieving coefficient (conc. ALB in GF over plasma) in-
creased in ANP nephrosis (3rd day after single ANP i.p. injection
of9 mg/lOO g of body wt), in anti-GBM nephritis(4 to 10 hr after
I ml/lOO g of body wt of anti-GBM serum iv.) as well as in ALB
load (6.5 g/lOO ml perfusate fluid). 3) A comparison of the clear-
ance ratio (column three) to revealed a much smaller difference
between both parameters with increasing from 0.27 to 3.29 . I0-.
This is evidence for a limited tubular uptake of albumin with
increased filtered load.
Immunologic results in patient with hemolytic uremic syndrome.
W.Stühlinger, 0. Kourilsy, M.D. Smith, L. Morel-Maroger, J.D.
Sraer, and P. Verroust. Med. Klinik Innsbruck, Hopital Tenon,
Paris. Hemolytic uremic syndrome (HUS) in adults can be sepa-
rated on histologic grounds into two groups: thrombotic micro-
angiopathy (TMA) and malignant nephroangiosclerosis (MNAS).
Complement studies and detection of circulating immune com-
plexes (two different methods) have been undertaken in 34 adult
patients with HUS. Evidence for circulating immune complexes
was obtained by one or both of the used methods in patients with
TMA and MNAS. In two of four patients after bilateral nephrec-
tomy, the immune complexes were no longer detectable. Serum
levels of C3 and other complement components were low in 7 out
of 19 patients with TMA and 4 out of 12 patients with MNAS.
Serum C3 splitting activity was present in nearly all patients with
TMA 17/19 and only in 6 of 12 patients with MNAS. The C3
splitting activity in the serum of several TM A-patients persisted
after bilateral nephrectomy. This intravascular C3 activation ca-
pacity was not associated with the presence of circulating immune
complexes.
A model to clarify the pathogenetic role of immunological reac-
tions in the renal mesangium. H. Takamiya. S. R. Batsford,
R. Kiuthe, A. Vogt. Zentrum fOr Hygiene. Abi. fOr Immunologie
und Abt. J'fir Innere Medizi (Schwerpunkt Nephrologie) der Albert
Ludwigs- Universitilt, Freiburg, Federal Republic of Germany. We
repors our results concerning the effect of immunological processes
Relationship of vasopressin and plasma renin activity in healthy
volunteers and hypertensive patients. E. Uhlich, R. Haslbeck,
G. Ettinger, and P. Weber. Department of Internal Medicine, Uni-
versity of Munich, Germany. Previous studies on the possible role
of vasopressin (AVP) in hypertension have revealed inconsistent
results. Therefore, we performed a series of studies in healthy
volunteers and patients with essential hypertension. Plasma renin
activity (PRA) and plasma AVP were measured radio-
immunologically under basal conditions, in an upright position
and after furosemide (20 mg, i.v.). Results: Under basal conditions
(i.e., recumbent, fasted, no medication) in healthy volunteers (N =
34) there was an inverse correlation between AVP (pg/mi) and
PRA (ng/ml.h); (mean SCM): Individuals with high (>4) AVP,
N = 9, AVP was 4.9 + 0.4 and PRA was 1.0 0.5; individuals with
normal (2 to 4) AVP, N = 10, AVP was 2.6 + 0.6 and PRA was 1.8
+ 1.1; individuals with low (<2) AVP, N = IS, AVP was 0.8 + 0.6
and PRA was 2.3 1.2. Significant correlation between the hor-
monal state and plasma sodium, as well as osmolality, have not
been found. Similar results were obtained in about two-thirds of 47
patients suffering from essential hypertension. One hour after fu-
rosemide with the subjects in supine position, low plasma levels of
AVP were measured in contrast to increased PRA values. Three
hours after furosemide with the subjects in upright position, in-
creased PRA values together with elevated ADH plasma levels
were obtained. These results suggest 1) that in addition to plasma
osmolality, state of hydration, posture, surrounding temperature,
etc., which are known to influence plasma AVP, other factors may
influence AVP secretion, and 2) that the relationship between
plasma AVP level and PRA found in healthy volunteers under
basal conditions was similar to that found in two-thirds of the
patients with essential hypertension.
Increased arachidonic acid release as the primary cause of lurose-
mide-induced stimulation of prostaglandin synthesis and renin release
in man. P. C. Weber, B. Scherer, and C. Larsson. Dept. of Intern.
Med., University of Munich, Federal Republic of Germany. Stimula-
tion of intrarenal prostaglandin (PG) synthesis by arachidonic acid
(C20:4) leads to increased renal blood flow (RBF) and plasma
renin activity (PRA), most probably via formation of PG-endo-
( SCM) PPTsec l0- .C1 P15
Controls 0.98 0.06 7.9 3.7 0.015 + 0.003 0.27 + 0,05
ANP 1.13 + 0.09 10.0 0.2 0.06 0.02 1.39 0.22
Anti-GBM 0.93 0.06 10.3 0.8 1.60 0.55 2.32 0.39
Load 1.07 + 0.07 9.4 + 0.4 2.76 0.66 3.29 1.06
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peroxides and/or PGE2. Similar effects are observed after furose-
mide. PGF2, on the other hand, was shown to decrease renin
release. In addition, it has been assumed that the release of C20:4 is
the rate limiting step in PG-synthesis. Therefore, in the present
experiments, C20:4 in peripheral plasma and PRA, urinary sodium
(UN), PGFZC, excretion, and GFR were determined in 12 healthy
male volunteers before and after 40 mg of furo:semide iv. The
subjects remained in the supine position throughout the study.
Furosemide induced a rise of C20:4 and PRA within the first 10
mm after administration of the drug. In comparison to the immedi-
ate increase of C20:4 and PRA, there was a delay of PGF2,, (and
sodium excretion, both of which reached a maximum 30 to 60 mm
after furosemide) at a time when PRA had returned to control
levels again. Indomethacin pretreatment (250 mg, per os) attenu-
ated the rise of C20:4 and completely prevented the increase of
PRA and PGF2C after furosemide, but had no effects on UN or
GFR. On the basis of the present findings, the following sequence
of events is suggested: Furosemide stimulates C20:4 release system-
ically and induces the formation of PG-endoperoxides in cells
possessing the PG-synthetase complex. In the kidney cortex this
mechanism causes the mmediate secretion of renin after furose-
mide. Initially, this effect may be enhanced by furosemide-induced
inhibition of the renal cortical PGE-9-ketoreductase, thus slowing
the process of PGF2 formation. Thereafter, the furosemide-in-
duced, high tubular sodium load triggers a sodium-chloride sensi-
tive mechanism responsible for the shift of PG-synthesis again
back to PGF2. which then causes the decline of renin release
observed 15 to 60 mm after furosemide.
Characterization of distal tubular transport by diuretics. M. Wie-
derholt, L. Hansen, and U. Teuscher. Institut fOr Klinische Physi-
ologie, FU Berlin, Hindenburgdamm 30, D-1000 Berlin 45. Germany.
Peritubular membrane potential (PD) and net fluid reabsorption
(split-oil droplet method) were measured in distal tubules of
isolated kidneys of Amphiuma. 1) Distal tubules were perfused
with 100 msi NaCI. Under control conditions, peritubular PD
(75.7 1.2 my) and halftime of fluid reabsorption (t112 = 249 7
sec) did not show significant seasonal variations. 2) When the
luminal perfusion solution was rapidly changed to 100 msi
NaCI + l0"M amiloride, peritubular PD decreased from 74 mY to
59 mV. Fluid reabsorption was inhibited by 20% (l0- M amiloride)
to 40% (l0 M amiloride). 3) Luminal application of l0 M
ouabain reduced peritubular PD by II mV and fluid reabsorption
by some 50%. The effects of both inhibitors appeared within 3 to
5 seconds and were fully and rapidly reversible. 4) Addition of
amphotericin B (20 g/ml) to the luminal perfusion solution had
no effect on peritubular PD at 100 mst NaCl, while at 10 mM
NaCI on the luminal side peritubular PD increased by 7 mV.
Fluid reabsorption was stimulated (t112 was shortened from 260
seconds to 188 seconds) up to 15 to 20 mm after amphotericin B
and then decayed. 5) 10-" M furosemide on the luminal side hyper-
polarized peritubular PD to 91 mV within 2 to 3 mm while fluid
reabsorption decreased (t112 = 720 sec). 6) Addition of l0- M
ethacrynic acid to the peritubular perfusion fluid over a period of
2 to 3 hr hyperpolarized PD to 97 mV and inhibited net fluid re-
absorption (t112 = 378 seconds). 7) Thus, when transtubular fluid
reabsorption is primarily changed by a modification of sodium
transfer (amiloride, ouabain, amphotericin B), peritubular PD is
directly correlated with fluid reabsorption. When chloride trans-
fer is primarily reduced (furosemide, ethacrynic acid), peritubular
PD is not an indicator of the activity of transtubular fluid trans-
port. 8) The data strongly support the hypothesis of sodium-
specific electrogenic transport mechanisms across the peritubular
membrane.
Role of acidosis for disturbances of lipid metabolism in uremia.
E. Ziminermann and M. Hohenegger. 3rd Division of Internal Medi-
cine, Wilhelminenspital, and Institute of General and Experimental
Pathology of the University, Vienna, Austria. The role of acidosis
for the development of disturbances of lipid metabolism in uremia
was investigated in male Wistar rats. During 24 hr of starvation,
the rats were treated as follows: group I: no specific treatment,
controls; group 2: induction of acute metabolic acidosis by oral
loads of 0.1 N HCI (4 X 3 to 5 ml/100 g of body wt); group 3:
bilateral nephrectomy leading to acute metabolic acidosis after 24
hr; and group 4: bilateral nephrectomy, acidosis prevented by oral
doses of 0.3 si NaHCO3 (4 X I to 1.5 mI/IQO g of body wt).
Twenty-four hours after the start of the experiment, plasma lipid
fractions, lipoproteidlipase activity in the plasma and the removal
of intravenously applied Intralipid 20%® were examined. The most
striking feature of lipid metabolism in acidotic rats (group 2 and 3)
was an elevation of plasma esterified glycerol levels, as indicated by
increased levels of total glycerol and decreased levels of free glyce-
rol. Lipoproteidlipase activity was decreased in these rats. Re-
moval of lipid loads occurred more slowly in acidotic rats. Correc-
tion of the acidosis in nephrectomized rats could partially
normalize the levels of total glycerol and lipoproteidlipase activity.
The removal rate of lipid loads was partially normalized as well.
Characteristic data (means and so) is shown in the following table.
These data suggest that acidosis is involved in the etiology of
uremic hypertriglyceridemia.
Group 1 (N = 10)
Blood pH 7.39 + 0.04
Urea 43+1.6
Total glycerol" 781 + 337
Free glyceroP' 267 + 82
Lipoproteidlipase activityC 9.2 + 6.1
"mg/100 ml plasma. bzM/I plasma. C FFA/ml plasma/mm.
Group2(N= 10)
6.92 + 0.17
41 + 1.9
1365 + 349
212 + 45
4.56 + 3.0
Group 3 (N = 10)
7.17 0.09
355 47
1363 + 299
213 + 25
3.3 + 0.72
Group4(N= 10)
7.46 + 0.08
299 + 21
1050 282
250 + 24
4.6± 1.0
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Treatment of urolithiasis and hypercalciuria with chlorothiazide
and sodium-cellulose-phosphate. W.A . G. Haagsma-Schouten. Sint
Lucas Hospital. A msterdam. In a group of 30 urolithiasis patients,
14 with hypercalciuria, 16 with normociuria, the effect of chloro-
thiazide and/or sodium-cellulose-phosphate on the urinary cal-
cium excretion was evaluated. 24 patients received chlorothiazide
in a dosage of 1 g daily; two of these did not respond with a
lowering of the urinary calcium excretion, in the other 22 the
urinary calcium decreased with 18 to 71% (mean, 40%). Eleven
patients were treated with sodium-cellulose-phosphate in a dosage
of 15 g daily; in all a decrease in urinary calcium was observed,
ranging from 29 to 53% (mean, 43%). No difference in reaction was
